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ABSTRACT
GENETICS OF A N ALBINO MUTANT IN SMOOTH BROMEGRASS
(BROMUS INERMIS LEYSS)

by

MUHAMMAD NASIRUDDIN
The genetics of an albino mutant in smooth b r o m e 
grass

(Bromus inermis Leyss) was investigated.

The p u r 

pose of this investigation was to obtain additional
information on the genetic behavior of the gene marker
and to relate genetic and cytological behavior to the
nature of polyploidy in the species.
The study was conducted in the field, greenhouse
and growth chamber.

The notes on segregation were made

in the greenhouse and in the growth chamber at 60°F with
10 hour photoperiod.

Cytological studies of root tip

cells were made according to a method used b y Dr. Ralph
Riley of Cambridge, England,
cereals, and for meiosis,

for somatic chromosomes of

spikelets were fixed in 6:3:1

Carnoy's and stained in propionic orcein.
Cytological behavior of both the mutant and
normal parents was similar to that previously reported
for the species.

Results from F 2 , test crosses,

vii

and F 3

showed a single gene tetrasomic inheritance.

Both

chromosome and chromatid segregation for the albino
marker was indicated.

The study suggested a chromo

somal gene mutation rather than gross chromosomal
aberration.

The results also favor a two genomic

AAAABBBB model for the species but a three genomic
AAAABBCC model cannot be excluded.

viii

INTRODUCTION
Smooth bromegrass constitutes one of the most
important forage crops in the northern half of the
United States.

In keeping with its usefulness,

an e x 

tensive breeding program has been initiated at a number
of experimental stations.

However,

the genetics of this

crop has been insufficiently investigated.

This is due

mainly to lack of suitable gene markers, difficulties in
making controlled crosses and to many incompatabilities
and sterility mechanisms which reduce self and cross fer
tility.

The species is an octoploid, probably an auto

allopolyploid type, perennial,
tous and a sod former.

cross-pollinated,

rhizoma-

It has 2N=56 chromosomes and

exhibits many cytological irregularities.
A chlorophyll mutant was detected in 1962 by
Dr. G. M. Dunn in a self-pollinated population of Bromus
inermis.

This easily identified seedling marker gave an

opportunity to study the genetic behavior of this crop.
The object of this study was to obtain

(1) additional

information on the genetics and nature of segregation of
the gene marker,
havior and

(2 ) to relate cytology to genetic b e 

(3) to relate genetic and cytological behavior

to the nature of polyploidy and improvement of the species.

REVIEW OP LITERATURE
CYTO-TAXONOMY
Hitchcock

(25) classified bromegrass under the

sub-family Festucoidae, tribe Festuceae and the genus
Bromus in the family Gramineae.

He divided the genus

into five different sections namely C e r a t o c h l o a , Bromopsi s , B r o m i u m , Eubromus and N e u bromus, mostly on the basis
of spikelet characteristics and habit of growth.

Bromus

inermis is in the section Bromopsis which is perennial.
Avdulov

(2) reported the chromosome number of

Bromus inermis as 2n=56.
tained by Hill

(24).

Similar results were also ob

However,

Knobloch (28)

reported

that 22 clones out of 27

were hexaploid with a somatic

chromosome number of 42.

The remaining 5 clones had a

chromosome number of 56.
Sigurbjornsson et_ al
of

222

(56) studied the cytology

plants of 16 varieties and strains of northern and

southern bromegrass.

Aneuploid plants with chromosome

numbers of 54, 57 and 58 were found within the species
B. iner m i s .

One plant had 49 chromosomes.

The northern

type had chromosome numbers higher than 56 whereas the
southern type had fewer than 56.

Evidence suggested that

selection of the northern type may bring a simultaneous

3

selection for additional chromosomes, whereas selection
for the southern type may involve selection for plants
with missing chromosomes.
plants.
2n=56.

Hill et al

Seed set was reduced in aneuploid

(24), however,

No hexaploids were found.

found 192 plants with
She reported

8

to 11

accessory chromosomes in one plant in addition to the
normal complement of 56.
Hill and Carnahan

(23) studied the cytology of

progenies of 4x clones of bromegrass obtained by inter
planting the 4x and

8x

clones.

In 4x and its inbred

progenies pairing was mostly as bivalents although occasion
ally quadrivalents were observed.
6x

was extremely irregular.

The meiotic behavior of

The number of univalents ranged

from 1.3 to 6.60 per cell.

The frequency of micro-nuclei

p er quartet was 0.21-4.77.

Anaphase bridges were fairly

common, and in one instance,
bridges.

54% of the A-^ cells had 1 to 7

In two octoploid plants, presumably the result of

fertilization of an unreduced tetraploid egg b y normal
gamete from the octoploid, meiosis was fairly normal.
another report, Carnahan and Hill

In

(10) mentioned the cyto

logy of crosses between octoploids and derived octoploids
and found the meiotic irregularities were within the limits
of the species.

They inferred that the dominance of b i 

valent formation in

8x

is due to a genetic mechanism con
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ditioning bivalent pairing.

They concluded that B. inermis

is an auto-alloploid AAAABBBB in which considerable but far
from complete diploidization has occurred.
In an investigation of the satellite chromosomes
and morphology of the three sections of B r o m u s , B r o m o p s i s .
Bromium and Ceratachloa, Schulz-Schaeffer

(54)

in each section, the satellite is different.

found that
Some species

within the section which have a common satellite from '
different groups indicating their ancient common ancestry.
B.

inermis has

6

satellites of two groups indicating an

auto-alloploid character.

The change of structure of the

satellite chromosomes b y abberations is much less likely
in the genus B r o m u s . and the distribution of the satellites
was in conformity with the major morphological characters
used in sectioning the genus.
Hanna

(22) studied the cytology of three species

of B r o m u s . namely, B. inermis, B. pumpellianus and the B.
erectus complex under the section B r o m o p s i s .
inermis were octoploid

Clones of B.

(2n=56), one aneuploid having 2n=54;

B. pumpellianus clones were octoploid with one having a 'B'
chromosome, and B. erectus had 56,

59, 65 or 70 chromosomes.

Significant positive correlations were obtained for B.
pumpellianus between the percentages of non-stainable pollen
and frequencies of metaphase I univalents,

anaphase II
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laggards,

and quartet micro-nuclei.

These relationships

were non-significant for B. inermis and B. erec t u s .

A

significant negative correlation was obtained between nonstainable pollen and seed set following open pollination,
but other relationships of meiotic irregularities or pollen
stainability with seed setting were not significant.
Hybrids between diploid and tetraploid species of
the genus Bromus under the section Bromopsis were studied
by Barnett

(4).

He found that hybrids were more vigorous

than their parents but intermediate in most morphological
aspects.

The mean frequency of univalents and bivalents

at metaphase I were
spectively.
metaphase I.

6.66

to 9.63 and 4.78 to 5.48, r e 

Trivalents were also moderately common at
Hybrids between diploid species showed a mean

bivalent frequency of 6.50 to 6.79 per cell, and between
tetraploid species the mean bivalent frequency was 12.33 to
12.81.

Moderate frequencies of univalents,

trivalents,

and

quadrivalents occured in metaphase I of tetraploid hybrids.
Both diploid and tetraploid hybrids had high sterility

(5).

Hybrids between two octoploid perennial species of
B r o m u s , namely, B. carinatus and B. m a r timus. and the annual
species, B. trinii
Meiosis in these

(2n=42), were vigorous but sterile.
hybrids was irregular and the 49 chromo-

osomes formed 4-6 loosely associated pairs.

Stebbins et_ al

6

(61) indicated the possibility of establishing new species
under controlled conditions and combining into a species
chromosome sets derived from other species.

Knowles

(29)

attempted to combine B. mollis with 13 other species of
Bromus.

These species were representatives of five differ

ent sections of the genus.

He observed that the extent

of chromosome pairing in the hybrids paralleled the extent
of morphological similarity of the parental species.
Elliott and Wilsie
(2n=28)

of B. i n e r m i s .

(16) worked on a polyhaploid

They concluded from its high level

of fertility, considerable bivalent formation, and its
relatively normal behavior at meiosis that a high degree
of duplication of genetic material exists at the octoploid
level.
Elliot and Love

(17)

found that the number of bi-

valents in the pollen mother cells of clones of B_. inermis
varied from 2 to 28.

The average number of chromosomes in

volved in associations of five to eight ranged from
10.4.

Elliot

(18)

1.0

to

showed that B. inermis had varying d e 

grees of multivalent association and could b y no means be
considered a functional diploid.
GENETICS OF POLYPLOIDY
Gregory

(20)

first reported the segregation of an

autotetraploid in Primula sinensis.

He explained the re
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suits on the basis of the duplicate factor ratios found in
diploids.

He assumed that the ratios obtained by selfing

a tetraploid hybrid corresponds to the 15:1 ratios of dip
loids and the back-cross ratios to 3:1.

His assumption

was based on the hypothesis that pairing takes place b e 
tween chromosomes,

one derived from the maternal parent

and the other from the paternal parent
Muller

(allosyndesis).

(38) assumed that pairing could take place between

any two of the four homologous chromosomes at random,
gardless of their origin.

On this basis,

re

selfing a duplex

heterozygote should give a 35:1 ratio, and back-crossing
it with a homozygous recessive should give a 5:1 ratio.
He also showed that Gregory's data fit a 35:1 ratio better
than 15:1.
Haldane

(21) gave a theoretical treatment of seg

regation of all types of auto-polyploids.
if chromatids,

He showed that

rather than chromosomes, were the unit of

random assortment,

a duplex hybrid would give a

ratio on selfing and 3*66:1 on test crossing.

20

*8 : 1

This is

termed "chromatid segregation" while Muller's ratios are
known as "chromosome segregation."

Mather

(36,37)

considered

that these two types of fixed ratios represented the two
extreme situations.

He discussed the subject in the

light of cytological evidence such as amount of quadriva
lent formation,

frequency of chiasmata formation, and

percentage of crossing over between the gene and centro
mere in question.
the value of alpha,

He developed formulas for determining
the index of double reduction.

In this

formula x=ae, where a=mean frequency of nondisjunction in a
quadrivalent and e= mean frequency of equational separation
at the locus concerned.

Based on this formula,

it was found

that the true segregation expected from an autotetraploid
would lie between Muller's and Haldane's ratios.
Ghosh and Knowles

(19) studied a dominant yellow

chlorophyll mutant of bromegrass and found tetrasomic in
heritance.

Results indicated hexasomic and octosomic

segregation in some instances, but the data approached more
closely the tetrasomic.

Chromosome segregation for the

locus was inferred but chromatid segregation could not be
excluded.

Study was made with simplex individuals, though

occasionally duplex and triplex plants were also found.
Pure breeding yellow plants could not be isolated, but the
green segregates always bred true.

Some of the segregation

ratios did not fall in any of the catagories explained
above.

They suggested that the genomic constitution of

bromegrass would more likely be AAAABBCC rather than AAAABBBB.
A complex situation of tetrasomic and disomic
ratios of a chlorophyll deficient marker of Dactylis
qlomerata was reported by Cuany and Kalton
was inherited as 3:1,

(13)

Albino

35:1, 44:1, and 111:1, whereas

9

virescent showed 2:1, 3:1, 5:1,
ratios.

10:1,

15:1, 33:1 and 100:1

They tried to explain the higher ratios by

preferential pairing, but the cytological observations
did not support the hypothesis.
seemed to be negligible.

Double reduction also

Similar aberrant ratios were

also reported by Nielsen and Smith in the same species
(44).

They found green:albino, 4*6:1 to 572:1; green:

xantha,

5*7:1 to 141:1? and g r e e n :v i r escent, 5*0:1 to

450:1.

In an S 2 population,

178 showed no segregation,

albinos were observed in 45 out of 56 segregating families
and virescent appeared in 21 lots.
albino,

The ratios were green:

1*8:1 to 244:1 and green:virescent,

3*5:1 to 80:1?

xantha rarely occurred in the S 2 .
Myers

(40), however,

observed tetrasomic inheri

tance of a chlorophyll deficient marker in Dactylis g l o m 
erate.

In a progeny test of 63 first generation inbred

plants,

16 produced normal seedlings and 47 produced both

normal and deficient seedlings.

A chi-square test separated

the families into 32 segregating 35:1 and 15 segregating
near 3:1.

Assuming the parent plant as duplex and a

gene location near the centromere,
is 16.2 non-segregating,
segregating 3:1.
P above

.99.

the expected ratio

32.4 segregating 35:1, and 14.4

A test of significance gave a value of
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Van Dijk

(63)

found that harshness of leaves in

tetraploid cocksfoot was inherited as a dominant character.
From his results,
this character.

it was not certain how many genes control
Most of the results could be explained

assuming one dominant factor, possibly supplemented b y minor
genes.

However, the existence of a complimentary factor was

not excluded, while a system of more factors with partial
dominance is a possible explanation.

The results can also

be explained b y double reduction.
Dewey

(14) reported on the inheritance of a seed

ling marker in crested wheat grass, Agropyron d e s e r t o r u m .
The expression of pigmentation in colored seedlings was
enhanced by light and favored b y cool temperature.

Se g 

regation in selfed and in test-cross progenies indicated a
single tetrasomically inherited gene.

Although chromosome

segregation was assumed, there was some evidence of chrom
atid segregation.

Stanford

(59)

found tetrasomic inheri

tance of purple flower color in alfalfa.

His results

indicated double reduction for the locus, and these results
were confirmed by cytological observation of quadrivalent
formation.

However, disomic inheritance of some or many

factors was not excluded.
A cross between a natural hexaploid of P. pratense
with simplex constitution

(Aa^)

for an albino marker and a
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synthesized hexaploid £. pratense was made by Nordenskiold
(48).

He observed autohexaploid segregation.

Bivalents

had been found exclusively in both synthesized and natural
£. p r a t e n s e .

The ratios found in the progenies of the

plants were as expected for the triplex type.
were triplex for one locus,
were triplex for two loci,

Some of them

(AJa ), giving 399:1 and others
3 3 3 3
(A a B b ), giving 199:1.

The

mother plant of the hybrid material used in this cross
contained at least five loci for different types of chloro
phyll deficiencies.

This confirmed his earlier results on

timothy which also showed hexasomic inheritance.
THE EFFECTS OF ENVIRONMENT O N CHLOROPHYLL MUTANTS
A low-temperature type of albinism which apparently
resulted from a spontaneous mutantion in diploid Avena
stricfosa was described by Marshall

(34) .

The albino

characteristic was expressed fully at temperatures below
65°F, but normal greening occurred at temperatures above
o
75 F.

o
Variable amounts of greening occurred at 70 F.

Seg

regation data from F 2 populations and F 3 families demonstra
ted that albinism was caused by a homozygous single recessive
gene.
A temperature sensitive chlorophyll mutant in al
falfa, controlled by a single recessive tetrasomic gene, was
described b y Stanford

(60).

Homozygous recessive plants
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were chlorotic at 10°C but normal at 27°C.
the plants was good at 18°C or above,

Viability of

and classification

was easy at temperatures below 20°C.
An investigation of the effects of environment on the
expression of the albino mutant of smooth bromegrass was
made by Ketel.^

This mutant was the same as that utilized

for genetic studies reported herein.

He found that the

mutant was sensitive to both temperature and photoperiod.
Seedlings were white at 60°F w hile some of them turned
green at 80°F.

Production of protochlorophyll was the same

in the mutant as in normal plants, but the mutant seedlings
were devoid of carotenoid pigments.

He inferred that the

mutant character might be due to photodestruction of chloro
phyll caused by the absence of protective carotenes.
An albino of barley was reported b y Collins

(12).

The character appeared only when the plants were grown at
temperatures below 45°F.
mal chlorophyll developed.
this albino type.

At temperatures above 65°F, n o r 
A single recessive gene produced

When crossed with a normal strain, a ratio

of 3 green to 1 albino was obtained in F2 -

A limited change

in light intensity did have marked effects on the expression
of the character.
The classification and nature of chlorophyll mutants
are varied and numerous.

The chlorophylls are almost absent
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in albinos and carotenes are very low.
in color due to anthocyanins

(55).

They may be pinkish

Yellow mutants

unlike the albinos, have more carotenes.
green mutants have more chlorophyll.

(xantha),

The viridis or pale

Virescent may under

certain environmental conditions turn to green, at least
partially

(55) .

Different chlorophyll mutants m a y represent blocks
at different stages of chlorophyll formation which are under
the control of different genes

(64,65), or ma y be due to

metabolic blocks in the synthesis of some vitamins or amino
acids

(7,8,64).

Synthesis of these products may in certain

instances be influenced b y environmental factors such as
temperature or light

(12,34,60).

•LKetel, E. J.
1969.
Physiological studies on a virescent
mutant of Smooth bromegrass.
M.S. Thesis, Univ. of
New Hampshire, Durham, N.H.
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MATERIALS AND METHODS

An albino mutant, numbered 9723, was observed in
1962 in a self-pollinated population of smooth bromegrass
derived from the experimental line NY 46-116.

Two of the

three normal green parents, numbered 9814 and 9672, were
derived from selfing the experimental strain Wise.

2-7.

The third green parent, number 1624, is selected f r o m 1
progeny of the experimental strain PL 47-45.

These three

normal parents from different sources were selected for
their high self and open-pollinated fertility.
plant,

The mutant

9723, was increased in number b y vegetative p r o p a 

gation and was selfed to obtain S 2 progeny.
the original mutant,

The ramets of

9723, and its S 2 progeny showed some

variation in the expression of the albinism.

Some mutant

plants were variably white both in the field and greenhouse,
while some of them were largely sterile.
This study was conducted in the field and g r e e n 
house and growth chamber.

The clones were brought into

the greenhouse in the latter part of October and potted.
They were treated to obtain maximum tillering and flower
ing as had been outlined b y Newell

(47).

The plants were

subjected to cool temperature and short day treatment for
about three months.

For rapid growth and tillering,

a

15

nutrient solution,

20

- 2 0 - 2 0 , was applied twice a month

during the short day and cool temperature treatment.
three months,

After

the pots were transferred to a warm section of

the greenhouse having a temperature of approximately 60°F
night - 80°F day and 16 hour photoperiod.

This treatment

gave a complete life cycle of bromegrass within six months.
The florets were scissor-emasculated

(6 8 ) about two days

before flowering and were pollinated with the desired male
parents,

either under bags or in isolation to avoid con

tamination.

Reciprocals and back-crosses were also made

in the same way.
Cytological observations utilized both root tips
and pollen mother cells.

Chromosome counts of root tips

from seedlings and clonal materials were made according
to the system developed by Dr. Ralph Riley of Cambridge,
England for somatic chromosome analysis of cereals
lished) .

(unpub

The seeds were germinated on moist filter paper

in Petri dishes at about 77°F.

Roots from clonal materials

were obtained according to Schertz and Randolph

(53).

Roots

one cm. long were taken and pre-treated in a freshly prepared
saturated solution of
4 hours.

1 -bromo-napthalene

in tap water for

The napthalene was then replaced by glacial

acetic acid, this treatment extending overnight.

After h y 

drolysis with normal hydrochloric acid at 108°F for 20

16

minutes, the hydrochloric acid was replaced b y leuco-basic
fuchsin for 20-30 minutes to stain the roots.

The stained

portion of roots was cut and placed in a drop of 45% acetic
acid.
For meiosis,

spikelets were collected and fixed

in 6:3:1 Carnoy's fixative for 24 hours.
were stored in 70% alcohol.

The materials

Staining was done with p ropi

onic orcein.
It was observed^- that the albino character is in
fluenced b y temperature and light.

Therefore,

notes on

segregation were made in the greenhouse and in the growth
chamber at 60°F with 10 hour photoperiod one week after
germination and checked the following week.
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RESULTS AND DISCUSSION
■GENETICS.
SEGREGATION IN F 2

The original mutant,

9723, and some of its S 2

progeny were involved in these crosses.

All the mutant

plants, however, were typical for the mutant character
(Figure 1).

Three normal green parents were used in

these crosses.

Each of the three normal parents origin

ated from a single seedling.

However, the three normal

and the mutant parents were represented b y many ramets in
the field.

Table 2 shows the segregation of 19F^ plants,

their origin and a test of significant based on the tetrasomic duplex hypothesis.

Initially, more F^ plants were

selfed, but man y of them were largely self-sterile.

The

population size of each of the 19F2 families in table 2
represents the results accumulated during a six year period.
Since population size in each year was small, no test of
independence of year was possible.
The F-^'s included in this study represent a sample
of plants of high fertility.

It is rather impractical to

include a random sample of F^ plants,

since there are many

incompatabilities and sterility mechanisms operating in
cross-pollinated, polyploid species.

Such biased sampling

for high fertility families had been a standard practice in

18

/

Fig. 1.

J'f

A typical mutant plant at the time of emergence
of the panicle.

Table 1.

Expected ratios of dominants to recessives in F 2 and test-crosses according to number of
genetic factors, ploidy level, and type of chromosome segregation assumed.

Disomic Seg.
2 Factors 3 Factors
Genotype of
Dominant Parent

Tetrasomic Seg.
1 Factor 2 Factors

A 4

,4

AABB

AABBCC

A

Genotype of
when crossed
to recessive

AaBb

AaBbCc

AAaa

2 2 2,2
A a B b

Chromosome Seg.
Ratio
Chromatid Seg.

15:1

63:1

35:1

1295:1

Chromosome Seg.
Test Cross
Ratio
Chromatid Seg.

3:1

—“

——
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7:1

.8 : 1

5:1

3.66:1

Ploidv Level and no. of factors
Tetrasomic for 1 and Hexasomic Seg. Octosomic
Disomic for 2 Factors
1 Factor
1 Factor
4 2 2
A B C

AAaaBbCc

575:1

6

*3 3
A
a

8

A

tv4 a 4
A

399:1

4899:1

120:1

625:1

23:1

19:1

69:1

—

10:1

25:1

——

35:1

A

t->

10

Table 2.

Segregation in F 2 for albino trait in bromegrass.

Chi-Sguare Values
Acc. No. of
F x Plant

14376
14779
14780
14786
14806
15019
19524
19535
19536
19550
19554
19567
19646
19663
19669
19670
19676
19677
19678

Observed
Green
Albino

Origin

9723
9723
9723
9723
9723
9723
16616
16598
16598
16625
16625
16625
13210
13210
13189
13189
13189
13189
13189

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

1624
9672
9672
9672
1624
1624
9814
1624
1624
9814
9814
9814
1624
1624
1624
1624
1624
1624
1624

307
140
648
1015
831
824
429
380
396
192
318
322
288
352
183
307
463
237
379

13
5

26
32
0

33
8
11
0

r

7
11
8
0

4
0
20

9
13

Ratio

35:1

23.6:1
28.0:1
25.0:1
31.7:1
------

1.95
0.25
2.91
0. 30
---3 .63
1.44

25:1
53.6:1
34.5:1
-----38.4:1
45.4:1
29.2:1
36:1
-----45.7:1
-----23.1:1
26.3:1
29.1:1

0.10

---0.04
0 .46
0 .40
0.00

---0.28
3.31
0 .70
0.49

20.78:1

0.21

0.42
0.81
5.71*
---1. 57
7.66*
285
---1.91
4 .44*
1.28
2.43
---2.47
---0.23
0.49
1.41

1624, 9672, and 9814 are normal parents, 9723 is the original trmtant, and 16616,
16598, 16625, 13210 and 13189 are S 2 *s derived from selfing 9723.
Females were
scissor-emasculated.
♦Deviate significantly

(P=0.05)
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genetic studies of polyploids such as bromegrass,
and timothy

(19,40,41,50,59).

All the

alfalfa,

plants were green,

indicating that the mutant character is recessive to the
normal green.
Of these 19 F-^ plants,

15 segregated in ratios

ranging from 23:1 for plant no. 19676 to 53*6:1 for plant
no. 19524.
and 19670,

The remaining four plants,
did not segregate in F 2 .

18406,

19536,

19663

No statistical analysis

was done for the F 2 data of these four plants,

and their

discussion will be deferred until the test-cross analysis.
All the segregating families showed a good fit for random
chromosome assortment for the tetrasomic duplex model
(Table 2).

Tests for two and three factors disomic, were

not done for the F 2 data of Table 2.

These tests would be

discussed along with the test-cross and F 3 analysis.
Approximately 1000 selfed seeds were germinated from
each of the three normal parents without any segregation for
chlorophyll deficiencies.

Approximately 1300 seedlings

obtained from selfing the original 9723 mutant showed green
seedlings in the range of 200 albinos to 1 green.

This

ratio cannot, however, be considered typical segregation as
the albino character was found to be sensitive to temperature
and photoperiod.^

The appearance of such green seedlings

from selfing the mutant plants may be due to fluctuations of

22

temperature during germination of seeds.

Such fluctuation

during germination may produce a threshold of temperature
and photoperiod for some germinating seedlings, but not for
others.

Self-pollinating green plants derived from selfing

the mutant plants did not show any segregation.

This could

also occur due to contamination of the mutant clones.in the
field.

No valid conclusion is possible regarding these green

seedlings.
There were some differences in expression of
albinism among the mutant seedlings.
white;

Some seedlings were

some emerged as white but later turned to green at

the tip of the leaves,
cent mutant.

showing characteristics of a vires-

Most of the virescent seedlings survived

when transferred to higher temperature and long photoperiod.
However, during scoring for segregation,

it was not possible

to distinguish such differences in the expression of the
mutant character.
Segregation ratios in Table 2 might,
cases,

show agreement with hexasomic duplex

octosomic duplex

in certain
2 4
(A a ) or

2 6
(A a ) which under chromosome segregation

give 24:1 and 20*8:1 ratios,

respectively.

were also observed b y Ghosh and Knowles

(19)

Similar results
for a dominant

yellow chlorophyll marker in smooth bromegrass.

However,

assuming homozygosity of both the mutant and normal parent,

23

obtaining either a hexasomic or octosomic duplex in this
cross would be unlikely.

The most likely genotypes of the

F^'s would be tetrasomic duplex
(A3 a^) or octosomic quadriplex

(A a ) , hexasomic triplex
(A4 a4 ) , (Table 1, cols. 4,7,8).

Selfing of A 3 a^ and A 4 a 4 genotypes would give 399:1 and
4899:1 ratios,

respectively.

These ratios deviate signifi

cantly from those shown in table
F 2 data in table
segregation.

2

2

.

were also tested for chromatid

All except plant nos. 14786,

showed a good fit for this hypothesis.

19524 and 19554

A homogeneity

chi-square gave a P value of 0.90-0.95.
SEGREGATION IN F 2 OF RECIPROCAL CROSSES
Two of the three normal parents were scissor-emasculated and crossed with 9723 as the male parent.

No S 2

mutant plants were used in these reciprocal crosses.

Table

3 shows the segregation of these F^ plants and a test of
significance for tetrasomic duplex.

The trend of segrega

tion is similar to that shown in table 2.
22439 and 22441 did not segregate.

The plant nos.

The remaining 7 F-^ plants

segregated ranging from 19*4:1 for plant no. 20211 to 88:1
for plant no.

22446.

All the segregating F-^ families gave

good agreement to tetrasomic duplex
chi-square gave a P value

(A2 a2) and a homogeneity

(0.10-0.05).

Table 3.

Segregation in F2 of reciprocal crosses for albino trait in bromegrass.

No. of the

Plant

Origin

Green

20211

1624 X 9723

214

20256

9814 X 9723

189

20264

9814 X 9723

22439

White

Ratio

Chi-Square Value
for 35:1

19.4:1

3.70

9

21:1

2.28

174

6

29:1

0.20

1624 X 9723

272

0

----

22441

1624 X 9723

299

0

----

22442

1624 X 9723

153

8

19.12:1

2.85

22444

1624 X 9723

125

3

41.66:1

.08

22446

1624 X 9723

88

1

88:1

.89

22448

1624 X 9723

156

2

78:1

1.32

11

25

One thing to be noted is that the non-segregating
F^ plants in crosses in either direction,
crossing with a common normal parent.
is 1624.

each involved a

This normal parent

This parent when crossed with either 9723 or its

S 2 progeny gave about 1/3 to 1/2 non-segregating

plants.

No such discrepancy can be implied due to the use of 9723 or
its S 2 progeny or the other two normal parents,
(Tables 2 and 3).
explain.

9672 and 9814

Such behavior of parent 1624 is hard to

This parent originated from a single seed and

was increased in number by asexual means.

These ramets,

together with many others, were grown under normal field
conditions.

This parent may have become contaminated in the

field.
SEGREGATION IN TEST-CROSSES
Fifteen F-^ plants for which F 2 data were available
were scissor-emasculated and back-crossed to either 9723 or
one o f its S 2 progeny.

Three of the F^ plants were back-

crossed to both 9723 and to an S ^ mutant.

A test of in

dependence showed no difference between 9723 and its S 2
progeny used in these crosses.

This also indicated that both

9723 and its Sj progeny were homozygous for the albino locus.
The results of back-crosses are shown in table 4.

It is im

portant to note that three F-^ plants which did not segregate
in F 2 , did segregate in back-crossing, although the frequency of

Table 4.

Segregation in test-crosses for albino trait in bromegrass.

Acc. No. of
F jl Plant

14376
14779
14780
14786
14806
15019
19524
19536
19550
19554
19646
19663
19676
19677
19678

Green

White

53 •
139
209
91
378
110

224
296
220

161
165
297
228
245
234

♦Deviate significantly P= 0.05

12

48
54
16
2

19
52
2

60
42
40
9
84
65
72

Chi-Square Values
Chromosome Segr.
Chromatid Segr.

Ratio

4.41
2.89
3.87
5.68
189
5.78
4.30
148
3.66
3.83
4.12
33
2.71
3.75
3.25

1

0.15
10.91*
2.82

1

0.21

1

71.27*
0.34
0.93
54.89*
4.56*
2.35
1.19
41.41*
23.61*
3.82
10.36*

1
1

1
1
1
1
1
1
1
1
1

0.34
1.97
0.13
2.70
____ *
3.46
1.02

____ *
0

.06
0.45
____ *
5.48*
0.43
0.77
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albinos is quite low compared to the remaining
crosses.

Nevertheless,

back-

12

this result indicates that these

three F i 's were heterozygous at the albino l o c u s .
data alone,

From F 2

it was not possible to make a conclusion.

The

range of segregation ratios of the 12 back-crosses is 2*34:1
for plant 19676 to 5*68:1 for plant 14786.

The range for the

three F^ plants which did not segregate in F 2 is 33:1 for
plant 19663 to 189:1 for plant 14806

(table 4).

A homo

geneity chi-square for all the 15 back-crosses gave P=.01,
indicating that they are not segregating uniformly.
of significance for the

12

A test

back-crosses for chromosome and

chromatid segregation for the tetrasomic model is shown
in table 4.
segregation.

Results indicated both chromosome and chromatid
Plant no.

19676 which produced an unusually

higher number of albinos,
chromatid segregation.

did not fit either chromosome or

A homogeneity test for the 12 back-

crosses for chromosome and chromatid segregation showed
P=.05-.01 and P=.20-.10,

respectively,

thus favoring the

latter.
Several questions can be raised concerning the three
F^ plants which did not segregate in F 2 but produced a low
frequency of albinos in back-crosses.
triplex

If these plants were

(AAAa), they would not segregate under random assort

ment of chromosomes, but would segregate if double reduction
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had occurred.
parent

To obtain such AAAa genotype, the dominant

(A4 ) should produce A"^ gametes and the recessive

parent a 4 should give

'a' gametes.

There have been reports

of chromosomal abnormalities such as univalents,

laggards

etc., which may produce such F-^ plants

But,

correspondingly,
genotype.
study.

one could also expect

(17,23).

plants of Aaaa ■>.

Such F^ plants did not appear in the present

The frequency of formation of gametes

'AAA,'or

'a'

in bromegrass would be 1/28 and a zygote would form with a
frequency of 1/28 x 1/28.

But the frequency of observed

F^'s were about 1/3 to 1/2.

Therefore,

the chromosomal

irregularities do not seem sufficient to explain such high
frequencies of AAAa plants.
Another possibility is that these three plants could
be segregating for two factors, both at the tetrasomic level.
This would imply that the normal green parent might have
been homozygous for either
A' S 4 , a 4 B4 , or A 4 B 4 .

1

or

2

dominant factors,

i.e.

These genotypes, when crossed with a

plant recessive at both loci a 4 b 4 would produce F^'s which
upon selfing or test-crossing would give a typical tetrasomic
ratio for either 1 or 2 factors

(Table 1, Columns 4 and 5).

This possibility also appears unlikely for several reasons:
(1 ) only one of the three F^'s in question approached the
theoretical ratio for a two factor segregation in the test
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cross;

and

(2 ) only one of the three normal parents produced

some F^'s which did not segregate in F 2 .

Obviously,

this

particular normal parent would have to carry either one or two
dominant factors under these assumptions,

and would be unable

to produce both segregating and non-segregating F^ plants.
A further possibility, which might be more relevant,
is preferential pairing which occurs when the four chromo
somes are not equally homologous but show differential
affinity.

If a duplex hybrid, A ] A ^ a 2 a 2 , *-s selfed and

preferential pairing is complete, A ^ a 2 gametes can b e formed
and no segregation occurs.

However,

if preferential pairing

is incomplete so that A-^ occassionally pairs with a 2 , &2a2
gametes will sometimes be formed and the latter can unite
to produce homozygous recessive progeny.
cytological behavior in this species,

In view of the

it appears quite

possible that such pairing may occur in certain crosses.
However,

since it was not possible to identify either random

or preferential pairing in sporocytes, no valid conclusion
can be made on this aspect.
SEGREGATION IN F 3
About 75 green F 2 plants derived from selfing plant
no. 14780 were selfed to study their segregation in F^.
Only 35 F 2 plants gave enough seeds for statistical analysis.
The segregation of these F 2 plants are shown in Table 5.
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Table 5.

Segregation in F 3 for albino trait of 35 F 2
plants derived from selfing plant no. 14780.

Acc. No. of
F 2 plant
16989
16990
16997
17020
17022
17027
17041
17043
17051
17057
16979
16987
16988
16998
17005
17007
17008
17012
17028
17029
17032
17033
17035
17045
17046
17050
17055
17058
17003
17016
17026
17031
17039
17052
17056

Observed Segregates
Green
White
46
272
26
139
45
537
594
207
33
28
119
301

Ratio

0
0
0
0
0
0
0
0
0
0

5
6

---- —
23.8 1
50 1

22

1

22

1

89
59
117
178
240
640
142
305
898
292
157
278
198
618
74
51
81
472
109
177
13
94

3
3

1

7

29.6
19.6
58.5
25.4

2

120

1

7
14
4
18

91

1

10

1

76
50
36
52.3
40

1

66

1

38
37
3.6
3.3
2.7
3
3.2
4.3
4.4

1

2

8

3
7
3
16
2

14
24
173
35
54
3
21

1
1
1

1
1
1
1

1
1
1
1
1
1
1
1

Table- 6 .

Genotypic
Group‘

Expected ratios of dominants and recessives under chromosome and chromatid
segregation of different genotypic groups of tetrasomics and their F 3 b e 
havior.

Genotype

Chromosome
Seer.

Chromatid
Sea.

Behavior in F 3
Quadriplex Triplex Duplex Simplex Nulliplex

Quadriplex

AAAA

No Seg.

No Seg.

1

-

-

-

-

Triplex

AAAa

No Seg.

783:1

1

2

1

—

—

(225)

(360)

(174)

(24)

18
(82)

(48)

;
c

Duplex

r

AAaa

35:1

20.78:1

1

(9)

8

(48)

8

(1 )
1

(9)

Simplex r

Aaaa

3:1

0.87:1

-

-

1

2

1

Nulliplex

aaaa

No Seg.

No Seg.

-

-

-

—

1

N.B. Figures in brackets from columns 5 to 9 represent chromatid segregation.

32

From this table, three segregation types are apparent.
Possible genotypes for these groups would be non-segregating,
A 4 and A 3 a; segregating as duplex, A 2 a 3 , and segregating as
simplex, Aa

.

Theoretical segregation of different g eno

typic groups of tetrasomics and their F 3 behavior under
chromosome and chromatid segregation are shown in table
Since plant no.

14780 gave a 25:1 ratio,

6

.

instead of

35:1, double reduction was assumed and a value of x=0.178
was calculated for the F 2 data according to the formula devel
oped b y Mather

(37).

Substituting this value of alpha in

the formula, the expected number was calculated for each
class

(table 7).
Table 7 shows the test of significance of observed

and expected genotypic groups.
to both chromosome
segregation.

(P=.90-.95)

The results gave a good fit
and chromatid

(P=.80-.90)

The observed results were also tested against

two and three factors disomic, as tetrasomic segregation is
often confused with them.

This test excluded either the two

or three factor disomic model for this albino marker.

F3

data were more efficient for this test than either F 2 or
test-cross progenies.
There are some limitations of the observed fre
quency of non-segregants as shown in table 7.
nos.

16989, 16997,

The plant

17022, 17051 and 17057 have very small

T a b l e ’7.

Distribution in F 3 for albino trait from 35 F 2 plants and goodness of fit
for different hypotheses.

Seg. Like
_______________________ Non-Seg._____ £ 2 _____ Seg. 3:1
Observed

Non-Seg. Chi-square
Albino_____ values____ P-Values

10

18

7

Expected (chromosome
segregation)

9

18

8

1

Expected

(x=.178)

9.45

16.08

8.16

1.29

Expected (disomic
two factors)

6.56

8.75

7.50

2.18

17.87

.01

Expected (disomic
three factors)

3.80

17.50

13.12

0.54

12.97

.01

F 2 plants were derived from selfing plant no. 14780.

0
0.127

.95 - .90

0.41

.90 - .80
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population size to be considered as non-segregants

(Table 5).

One might wonder whether segregation could have been
observed if a large population for each could be obtained.
Obviously,

these populations will not be confused with

simplex groups which give a 3:1 ratio.

Confusion will arise

only between the non-segregants and the duplex group.

Sta

tistical values obtained under this assumption did not deviate
significantly from those results presented in Table 7.
CYTOLOGY
Cytological observations were made of root tips and
pollen mother cells of the mutant and the normal parents.
The original mutant,

9723 showed a somatic chromosome number

of 55 whereas some of its S 2 mutant progeny had 55- 1 chromo
somes.

Two of the normal parents studied had 56 chromosomes.

Chromosome pairing on the average in the mutant parent showed
1

univalent,

21

bivalents,

and the normal parent had
trivalents,

1

1

trivalent and
univalent,

21.8

2

quadrivalents,
bivalents,

2 quadrivalents and 0.6 hexavalents.

0.2

Variation in

pairing between the mutant and the normal parents seems
negligible.

Other meiotic irregularities,

such as laggards,

chromatin bridges and micro-nuclei were similar to other
reports on this species

(17,23).

The evidence obtained from

both cytology and the reciprocal crosses indicates that
albinism is probably caused by a gene mutation rather than

35

a gross chromosomal aber r a t i o n .
Although the present albino marker showed tetra
somic inheritance,

cytologically there was a preponderance

of bivalent formation.

This bivalent formation may be due

to a process called diploidization.

Homologous chromosomes

of old auto-polyploid species due to accumulation of large
amounts of mutation and chromosomal aberration tend to
differentiate from each other and thus pair bivalently.
There should be fewer irregularities in pairing in pa r 
ticular individuals of a species,

if such pairing is under

strict genic control as reported in wheat by Riley

(51,52).

It seems that bivalent formation in B. inermis is due mainly
to diploidization rather than any major gene control.
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SUMMARY
The genetics of an albino mutant in smooth brome
grass was -investigated.

The mutant char.acter showed optimum

expression at 60°F and in a 10 hour photoperiod.
original mutant,

The

9723, had 55 chromosomes and some of its S 2

progeny had 55- 1 chromosomes in root tip cells.
chromosome behavior such as pairing,

Meiotic

laggards and chromatin

bridges were similar to previous reports for the species.
of the three normal parents had 56 chromosomes in root
tip cells,

and meiosis was more or less the same as the

mutant parent.

There was a preponderance of bivalent

formation in these materials.
Segregation data from F 2 / test-crosses and F^
showed tetrasomic inheritance.

Results indicated both

chromosome and chromatid segregation.
was recessive to the normal green.

The albino character

Reciprocal crosses

suggested a chromosomal gene mutation rather than gross
chromosomal aberration.

Selfing of ramets from 9723

showed green seedlings in the range of
green.

200

albinos to

1

The study favors the two genomic AAAABBBB model

for the species, but the three genomic AAAABBCC model
cannot be excluded.

Two
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